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ELECTROMAGNETIC GAGE SENSING SYSTEM AND METHOD 
FOR RAILROAD TRACK INSPECTION 

BACKGROUND OF THE INVENTION 

[0001] This application claims priority to U.S. Provisional Application No. 
60/397,662, filed July 23, 2002. 1 , \ . 

Field of the Invention 

[0002] The present invention is generally directed to gage sensing systems and 
methods for inspecting . railroad tracks. More specifically, the present invention is 
directed to an electromagnetic gage sensing system and method. 

Description of Related Art 

- ■ ' " . ¥ 

[0003] Gage sensors and sensing systems currently used by Various U.S. railroads to 
measure and inspect gage distance, between rails of a railroad track are generally based 
on optical, mechanical contact, or electromagnetic measurement technologies. 
[0004] The optical gage sensing systems and methods that use optical technologies 
provide high level of accuracy but have inherent weather and reliability limitations. 
Such optical gage sensing systems are readily effected by rain, snow, dirt, and other 
environmental conditions,, In addition, such optical gage sensing systems require 
periodic cleaning of lenses or protective windows to remove dirt, grease, oil, and other 
substances typically present in the railroad environment. Such optical gage sensing 
systems are also known to become saturated and provide inaccurate readings when 
sunlight reflected by the shiny rail surface reflects directly into the sensing system. 
[0005] The performance and accuracy of mechanical contact gage sensing systems 
and methods are not as sensitive to weather conditions as optical gage measurement 
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sensing systems. However, such contact gage sensing systems are not sufficiently 
reliable or accurate. In particular, contact gage sensing systems often become damaged 
by switches and other objects near the railroad track, thereby decreasing the accuracy 
and reliability of the resultant measurement. Contact gage sensing systems also require 
frequent maintenance due to the normal wear and tear of contact wheels or other 
contacting components that are typically used in such systems. 

[0006] An electromagnetic gage sensing system and method of measurement has 
been developed that utilize a single proximity sensor to determine the distance to the 
gage surface of the rail. An electro-mechanical tracking system is used in conjunction 
therewith to continuously adjust the proximity sensor's position to maintain a fixed 
distance between the proximity sensor and the rail of the railroad track. The proximity 
sensor is located below the top of the rail and near the rail gage surface. However, the 
electromagnetic gage sensor as described is not reliable because the sensor is easily 
damaged by switches, grade crossings, and other obstructions that may be present along 
the railroad track. Correspondingly, the electromechanical tracking system requires 
periodic servicing and maintenance which increases costs associated with operating such 
a system:. 

[0007] . Japanese Patent 55-52901 issued to Shirota et al. discloses a non-contact 
measurement of gage between the rails of a railroad track by detecting the change in 
impedance due to magnetic induction, such as eddy current. A pair of detectors are 
positioned directly over the contact surface of the rails to allow determination of the rail 
position. In addition, another pair of detectors are angled toward the inner surface of the 
rails to allow determination of the gage distance between the rails of the railroad track. 
The pairs of detectors are mounted on a mounting base so that they are fixed at a 
predetermined position. The gage distance between the rails of the railroad track is 
calculated in accordance with an equation disclosed in the reference. 
[0008] The main disadvantage of the solution proposed in Japanese Patent 55-52901 
is that high level of accuracy of gage measurements cannot be achieved due to the 
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significant lateral motion of the rail of up to 60-70 mm, relative to the sensor mounting 
location. This lateral motion is caused by continuous changes in position of the rail 
vehicle bogie where the detectors are mounted, relative to the rails of the railroad track. 
The width of the rail head of the railroad track is typically 50 mm. To obtain accurate 
data, the height above the rail should be measured at the center of the rail head while the 
gage should be measured slightly below the top of the rail. However, due to the 
significant motion of the detectors relative to the rail, the detectors point to wrong 
locations on the rails of the railroad track so that the obtained measurements are 
inaccurate. 

[0009] The above noted disadvantage and limitation of the system disclosed in 
Japanese Patent 55-52901 is compounded by the fact that the proposed solution of this 
reference is also sensitive to rail metal composition. In. particular, the detectors used in 
the disclosed system operate based on the magnitude of the magnetic induction 
measurements. However, magnitude of the magnetic induction measurements vary 
depending on the material of the rail, i.e. the metal composition of the rail. When an 
inspection car moves along the railroad track, the material properties of the rails of the 
railroad track will change, based on various parameters such as old rail versus new rail, 
different types of rail, rust and so on. All of these variations cause changes in the 
magnitude of the output thereby limiting the accuracy of the measurements obtained 
utilizing such a system. 

[0010J Therefore, there still exists an unfulfilled need for a system and method for a 
non-contact electromagnetic gage measuring system. There also exists a need for such a 
system and method that provides reliable and accurate gage arid/or height measurements 
for rails of the railroad track. In addition, there further exists an unfulfilled need for such 
an electromagnetic gage sensing system and method that is resistant to environmental 
conditions and rail metal composition. 
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SUMMARY OF THE INVENTION 

[0011] In view of the foregoing, an advantage of the present invention is in 
providing a non-contact electromagnetic gage sensing system and method thereof that 
provides reliable and accurate gage and/or height measurements for rails of the railroad 
track. 

[0012] Another advantage of the present invention is in providing such an 
electromagnetic gage sensing system and method that is resistant to environmental 
conditions and rail metal composition. 

[0013] Yet another advantage of the present invention is in providing such an 
electromagnetic gage sensing system and method in which electromagnetic fields allows 
measurement of both lateral and vertical distances. . 

[0014] These and other advantages are provided by an electromagnetic (EM) gage 
sensing system for measuring at least gage distance between rails of a railroad track in 
accordance with the various embodiments of the present invention. In one embodiment, 
the EM gage sensing system comprises a first array of EM field generating coils 
extending substantially across the first rail and beyond an edge surface of the first rail, 
the first array of EM field generating coils being adapted to generate an EM field, a first 
. array of EM field sensors positioned substantially between the first rail and the first array 
of EM field generating coils, the first array of EM field sensors being adapted to sense 
the EM field generated by the first array of EM field generating coils, and provide a first 
lateral EM field output signal, and a processor adapted to process the first lateral EM 
field output signal to determine position of the edge surface of the first rail. 
[0015] In accordance with one embodiment of the present invention, the position of 
the edge surface of the first rail is determined by the processor based on at least one peak 
of the first lateral EM field output signal. In this regard, the position of the edge surface 
of the first rail is determined by the, processor based on position of an EM field sensor of 
the first array of EM field sensors that outputs the peak of the first lateral EM field 
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output signal The processor may be further adapted to calculate a first gage based on 
position of the EM field sensor of the first array of EM field sensors that outputs the 
peak. Moreover, the processor may further be adapted to average the first lateral EM 
field output signal over a predetermined length of travel along the first rail. 
[0016] In accordance with another embodiment, the first array of EM field sensors 
may be further adapted to provide a first vertical EM field output signal indicative of 
height distance of the first rail. In this regard, the processor may be further adapted to 
process the first vertical EM field output signal to determine height distance of the first 
rail based on magnitude of a valley of the first vertical EM field output signal. 
Moreover, the processor may further be adapted to average the first vertical EM field 
output signal over a predetermined length of travel along the first rail. 
[0017] In accordance with still another embodiment, the EM gage sensing system 
may further comprise a second sensor positioned over a second rail of the railroad track, 
the second sensor extending substantially across the second rail and beyond an edge 
surface of the second rail, the second sensor including a second array of EM field 
generating coils adapted to generate an EM field, and a second array of EM field sensors 
adapted to sense the EM field generated by the second array of EM field generating 
coils, and to provide a second lateral EM field output signal indicative of position of the 
edge surface of the second rail. 

[0018] In the above embodiment, the position of the edge surface of the second rail 
may be determined by the processor based on at least one peak of the second lateral EM 
field output signal. In this regard, the position of the edge surface of the second rail may 
be determined by the processor based on the position of an EM field sensor of the 
second array of EM field sensors that outputs the peak of the second lateral EM field 
output signal. The processor may further be adapted to calculate a second gage based on 
the position of the EM field sensor of the second array of EM field sensors that outputs 
the peak. The processor may further be adapted to calculate a total gage by adding the 
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first gage, the second gage and a distance between the first array of EM field sensors and 
the second array of EM field sensors. 

[0019] ; In addition, the second array of EM field sensors may further be adapted to 
provide a second vertical EM field output signal indicative of height distance of the 
second rail. In this regard, the processor may further be adapted to process the second 
vertical EM field output signal to determine height distance of the second rail based on 
magnitude of a valley of the second vertical EM field output signal. The processor may 
be further adapted to average the second lateral EM field output signal and/or the second , 
vertical EM field output signal over a predetermined length of travel along the second 
rail. ■: i: ; ■ 

[0020] , In, yet another embodiment of the present invention, the EM. gage sensing 
system may further include a fixture. The fixture may be adapted to mount the first 
array of EM field generating coils and the first array of EM field sensors over the first 
rail, and/or the second array of EM field generating coils and the second array of EM 
field sensors over the second rail. 

[0021] In still another embodiment of the present invention, the processor of the EM 
. gage sensing system may be implemented as a neural network based processor which is 
adapted to receive the lateral and vertical EM field output signals from the array of EM 
field sensors, and to calculate gage and height distance above the rail. 
[0022] In accordance with another aspect of the present invention, a method of 
measuring gage distance between rails of a railroad track is provided, the method 
comprising the steps of positioning an array of electromagnetic (EM) field generating 
coils over a rail of the railroad track to generate EM fields over the rail, positioning an 
array of EM field sensors substantially between the EM field generating coils and the 
rail, sensing EM fields, and providing at least a lateral EM field output signal indicative 
of position of an edge surface of the.rail. 

[0023] In accordance with one embodiment, the method further includes the step of 
determining the position of an edge surface of the rail based on at least one peak of the 
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lateral EM field output signal. In this regard, the step of determining the position of the 
edge surface includes the step of determining the position of an EM field sensor in the 
array of EM field sensors that outputs the at least one peak. The method may also 
include the step of averaging the lateral EM field output signal over a predetermined 
length of travel along the rail. 

[0024] The method may further include the step of providing a vertical EM field 
output signal indicative of height distance of the rail. In this regard, the method may 
further include the step of determining height distance of the rail based on at least one 
valley of the vertical EM field output signal. The method may also include the step of 
averaging the vertical EM field output signal over a predetermined length of travel along 
the rail. . 

[0025] In accordance with still another aspect of the present invention, a method of 
measuring at least gage distance between rails of a railroad track is provided comprising 
the steps of positioning a first array of electromagnetic (EM) field generating coils over a 
first rail of the railroad track, positioning a first array of EM field sensors substantially 
between the first array of EM field generating coils and the first rail, each EM field 
sensor of the first array of EM field sensors sensing the EM field generated over the first 
rail and providing a corresponding output, determining which EM field sensor of the 
first array of EM field sensors is providing strongest output, and determining the 
position of an edge surface of the first rail based on the position of the EM field sensor 
of the first array of EM field sensors providing strongest output. 

[0026] In accordance with another embodiment, the method may further include the 
step of calculating a first gage based on position of the EM field sensor of the first array 
of EM field sensors providing the strongest output. The method may also include the 
step of averaging the outputs of the EM field sensors of the first array of EM field 
sensors over a predetermined length of travel along the first rail. 

[0027] In accordance with- still another embodiment, the method may also include 
the step of determining a first height distance between the first rail and the first array of 
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EM field sensors based on a vertical component of the outputs of the EM field sensors of 
the first array of EM field sensors. This may be obtained by determining a minimum of 
the outputs of the EM field sensors of the first array of EM field sensors. 
[0028] In accordance with another embodiment of the present invention, the method 
may also comprise the steps of positioning a second array of electromagnetic (EM) field 
generating coils over a second rail of the railroad track, positioning a second array of EM 
field sensors substantially between the second array of EM field generating coils and the 
second rail, each EM field sensor of the second array of EM field sensors sensing EM 
fields generated over the second rail and providing a corresponding output, determining 
which EM field sensor of the second array of EM field sensors is providing strongest 
output, and determining the position of the edge surface of the second rail based on the 
position of the EM field sensor of the second array of EM field sensors providing the 
strongest output. 

[0029] In accordance with one embodiment, the method may further include the step 
of calculating a second gage based on the position of the EM field sensor of the second 
array of EM field sensors providing the strongest output. In this regard, the method may 
further include the step of calculating a total gage between the first rail and the second 
rail by adding the first gage, the second gage, and a distance between the first array of 
EM field sensors and the second array of EM field sensors. 

[0030] The method may further include the step of averaging the outputs of the EM 
field sensors of the second array of EM field sensors over a predetermined length of 
travel along the second rail. In addition, the method may further include the step of 
determining a second height distance between the second rail and the second array of 
EM field sensors based on a vertical component of the outputs of the EM field sensors of 
the second array of EM field sensors. In this regard, the step of determining the second 
height distance may include the step of determining a minimum of the outputs of the EM 
field sensors of the second array of EM field sensors. 
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[0031] The method may further include the step of processing the EM field output 
signal using a processor. In this regard, the processor may be a neural network based 
processor. The method may further include the step of training the neural network based 
processor using a data set. The data set may include various rail types and range of 
locations of the rail relative to the EM field sensor arrays. 

[0032] These and other advantages and features of the present invention will become 
more apparent from the following detailed description of the preferred embodiments of 
the present invention when viewed in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] Figure 1 is a schematic illustration of an electromagnetic gage sensing 
system in accordance with one embodiment of the present invention. 
[0034] Figure 2 is an enlarged schematic view of the internal components of one 
sensor head and one rail of the railroad track. 

[0035] Figure 3 is a graph showing an example lateral electromagnetic field output 
of the sensor of Figure 2 in response to the position of the rail. 

[0036] Figure 4 is a graph showing an example vertical electromagnetic field output 
of the sensor of Figure 2 in response to the position of the rail. 

[0037] Figure 5 shows a flow diagram illustrating a method for measuring gage 
distance between rails of a railroad track in accordance with another aspect of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0038] Figure 1 is a schematic illustration of an electromagnetic gage sensing 
system 10 in accordance with one embodiment of the present invention. As will be 
evident from the discussion herein below, the electromagnetic gage sensing system 10 is 
a non-contact system that provides reliable and accurate gage and height measurement 
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for the rails of the railroad track. In addition, the electromagnetic gage sensing system 
10 is resistant to environmental conditions and rail metal composition thereby providing 
improved accuracy and performance as compared to prior art gage sensing systems. 
[0039] The electromagnetic gage sensing system 10 of the illustrated embodiment of 
Figure 1 includes a left sensor head 12, a right sensor head 14, and a processor 50, the 
details of which are discussed in further detail below. The left sensor head 12 and the 
right sensor head 14 are mounted to a fixture 11 so that distance "L" between the left 
sensor head 12 and the sensor 14 is known. Preferably, the distance L between the 
sensors is fixed. • ' 1 

[0040] It should initially be noted that fixture 1 1 may be a separate structure for the 
purpose of mounting the sensor heads 12 and 14, or the fixture 1 1 may alternatively be 
any component of the train such as a railroad car body or a truck so that the sensor heads ■ 
12 and 14 are mounted directly to the railroad car body or the truck. In addition, it 
should also be noted that left and right designations are used herein merely to clarify 
which sensor and which rail is being referred to in the various figures. In this regard, the 
left sensor head 12 and the right sensor head 14 may be substantially the same in 
construction and operation. Furthermore, whereas specific dimensions of the sensors 
sensor heads, their dimensions, and their positioning relative to the rails of the railroad 
track are recited below, it should be understood that such specific dimensions are 
provided for illustrative purposes only and other embodiments may be implemented 
differently. 

[0041] In accordance with the illustrated embodiment of the sensing system 10, the 
left sensor head 12 and the right sensor head 14 are adapted to measure lateral and 
vertical components of an electromagnetic (EM) field. Due to installation variances, 
wear, etc., the gage and/or height distance measurements for any particular portion of the 
railroad track will vary along the track. The sensing system 10 may be used in the 
manner described in further detail below to determine the gage and/or height distance to 
allow accurate inspection of the railroad track regardless of such variances. 
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[0042] In the illustrated embodiment, the left sensor head 12 and the right sensor 
head 14 are mounted by the fixture 11, for example, at approximately 1.5 inches above 
the surface of the left rail 16 and the right rail 18, respectively. The left sensor head 12 
measures the lateral position of the edge of the left rail 16 to determine the left gage, 
while the right sensor head 14 measures the lateral position of the right rail 18 to 
determine the right gage as shown in Figure 1. Using the left gage and the right gage in 
conjunction with the known distance L between the left sensor head 12 and the right 
sensor head 14, the total gage measurement for the railroad track may then be calculated 
as follows: 

Total Gage = (Left gage) + L + (Right gage) 

[0043] In addition to gage measurements, the left sensor head 12 measures the left 
height distance between the left sensor head 12 and top of the left rail 16, while the right 
sensor head 14 measures the right height distance between the right sensor head 14 and, 
top of the right rail 18 as also shown in Figure 1. The height information may be used to 
correct left and right gage measurements, to calculate cross level (i.e. elevation of one 
rail above another rail), and/or other track geometries or parameters. 
[0044] The details of the left sensor head 12 are schematically illustrated in Figure 2, 
' the various internal components housed in the left sensor head 1.2 so that the function of 
the components of the left sensor head 12 can be more readily described. As previously 
noted, the left sensor head 12 and the right sensor head 14 are substantially similar in 
accordance with the preferred embodiment of the present invention. Thus, the right 
sensor head 14 would have a substantially similar configuration as the left sensor shown 
in Figure 2. However, discussion of the right sensor head 14 is omitted herein to avoid 
repetition. 

[0045] As shown, the left sensor head 12 includes an array of electromagnetic (EM) 
field generating coils 20, seven being shown in the illustrated embodiment of Figure 2. 
The left sensor head 12 also includes an array of two axis (lateral and vertical) EM field 
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strength sensors 22 correspondingly positioned between the left rail 16 and the 
generating coils 20, the field strength sensors 22 being adapted to detect EM field 
strength from each of the generating coils 20. As shown, the array of generating coils 20 
and the array of field strength sensors 22 are positioned above the left rail 16 so that they 
extend across the left rail 16 over a substantial area of the left rail 16. In this regard, in 
the illustrated example, the generating coils 20 and the strength sensors 22 extend 
beyond edge surface 17 of the left rail 16 toward the area between the left rail 16 and the " 
right rail 18 so that they are positioned where the edge surface 17 of the left rail 16 may 
be positioned as the rail car moves along the left rail 16. 

[0046] The generating coils 20 are powered by alternating current at a frequency 
preferably between 1 KHz and 9 KHz, Of course, alternating current at frequencies 
below 1 KHz may also be used. However, resolution may be diminished and such an 
embodiment may also be sensitive to imperfections in the rail being measured. Thus, 
frequencies above 1 KHz are preferred. Each EM field sensor 22 is centered under a 
corresponding generating coil 20 and is adapted to measure the EM field produced by 
the generating coils 20. Such measurement of the EM field may be continuous or may 
be intermittent. In the presence of the left rail 16, the array of field sensors 22 measure 
the EM field that is generated by the array of generating coils 20 which is altered by the 
left rail 16 in the manner further described in detail below. In the absence of the left rail 
16, the array of field sensors 22 measure undisturbed EM field produced by the array of 
generating coils 20. Therefore, in absence of the left rail 16, the lateral component of the 
EM field as sensed by the array of field sensors 22 is approximately zero. 
[0047] Referring again to Figure 2, the generating coils 20 are rectangular in the 
illustrated embodiment to increase sensitivity and measurement resolution. The width of 
the generating coils 20, i.e. dimension of each generating coil across the rail of the 
railroad track, should be small enough to be able to provide accurate resolution regarding 
the position of the edge surface 17 of the left rail 16. Therefore, the width of the 
generating coils 20 is preferably substantially less than the width of the left rail 16. In 
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order to provide increased signal strength at the left rail 16, the length of the generating 
coils 20, i.e. dimension of each generating coil along the rail of the railroad track, is 
preferably more than two times larger than the height dimension above the rail. Thus, in 
the illustrated embodiment of Figure 2, the generating coils 20 have a length that is at 
least twice that of the left height. Of course, the above described configuration is merely 
one example and in other embodiments, the generating coils 20 may have a different 
shape and may be dimensioned with different proportions than as shown. 
[0048] In the illustrated embodiment of Figure 2, the left sensor head 12 is provided 
with seven generating coils 20 which are adjacently stacked together to provide an array 
of generating coils which is approximately 5.25 inches in width, and 3.5 inches in 
length. As can be seen, the width of the generating coils 20 is substantially less than the 
width of the left rail 16. In addition, the length of the generating coils 20 is 3.5 inches 
which is more than two times the left height of 1.5 inch above the left rail 16. As 
previously note, this allows increased sensitivity and measurement resolution. The right 
sensor head 14 would also have a similar configuration so that the generating coils and 
the strength sensors of the right sensor head 14 extend beyond edge surface of the right 
fail 1 8 toward the area between the left rail 16 and the right rail 18. Of course, the above 
described embodiment of the left sensor head 12, and correspondingly, the right sensor 
head 14, is merely one example and the present invention is not limited to this example. 
In this regard, different number of generating coils may be provided with different 
dimensions than that described above. 

[0049] As explained in further detail below, when the left rail 16 is positioned under 
the left sensor head 12, both vertical and lateral field components of the EM field 
generated by the array of generating coils 20 change. This change to the EM field is 
mostly due to the eddy currents induced by the generating coils 20 in the surface of the 
left rail 16. Of course, the vertical and lateral field components of the EM field 
generated by the array of generating coils of the right sensor head 14 would likewise be 
changed when the right rail 18 is positioned under the right sensor head 14. 
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[0050] Figure 3 shows the lateral EM field output signal 30 of the left sensor head 
12 in response to the position of the left rail 16. The lateral EM field output signal 30 is 
generated from the lateral components of the output signals from each of the field 
sensors 22 that measure the lateral EM field of each of the generating coils 20. As 
shown, the peaks of the lateral EM field output signal 30, as measured by the array of 
EM field sensors' 22 of the left sensor head 12, occurs at the location of the left sensor 
head 12 that is directly above the edge surface 17 of the left rail 16 and the outer edge 
surface on the other side of the left rail 16. 

[0051] Thus, as evident from examination of the lateral EM field output signal 30 as 
shown in Figure 3, the lateral component of the output signal from the left sensor head 
12 is highly sensitive to the location of the edge surface 17 of the left rail. In the 
illustrated embodiment, the lateral component of the EM field is the strongest near the 
edge surface 17 from which gage is measured. Consequently, because the position of 
each of the field sensors 22 of the left sensor head 12 is known, the position of the field 
sensor 22 that is positioned above the edge surface 17. and provides the highest peak of 
the lateral EM field output signal 30 may be used to accurately determine the position of 
the edge surface 17 relative to the left sensor head 12. Therefore, the known position of 
the field sensor 22 that provides the highest peak of the lateral EM field output signal 30 
may be used to provide accurate left gage measurement as shown in Figure 1 . 
[0052] Figure 4 shows the vertical EM field output signal 40 of the left sensor head 
12 in response to the position of the left rail 16. The vertical EM field output signal 40 
is generated from the vertical components of the output signals from each of the field 
sensors 22. As shown by the valley of the vertical EM field output signal 40, the vertical 
EM field component as measured by the left sensor head, 12, achieves its minimum at 
substantially the center of the left rail 16. The actual value of the vertical EM field 
component, i.e: the magnitude of the valley in the vertical EM field output signal 40, is 
dependent on the distance between the left sensor head 12 and the left rail 16. Therefore, 
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the vertical component of the output signal of the left sensor head 12 may be used to 
determine the left height distance between the left sensor head 12 and the left rail 16. 
[0053] The processor 50 of the electromagnetic gage sensing system 10 monitors the 
lateral output signals from each of the EM field sensors 22 of the left sensor head 12 to 
determine the position of the edge surface 17 of the left rail 16 which is identified as left 
gage in the illustration of Figure 1. In particular, the processor 50 determines where the 
peaks occur in the lateral EM field output signal 30 to determine the location of the edge 
surface 17 of the left rail 16 relative to the left sensor head 12. Of course, as shown in 
Figure 3, the lateral EM field output signal 30 has two peaks, each corresponding to the 
edge surfaces of the left rail 16, However, the processor 50 is adapted to determine that 
the peak generated by the EM field sensor that is positioned toward the inner portion of 
the railroad track corresponds to the edge surface 17. Thus, whereas the second peak 
generated by the left sensor head 12 is determined to correspond to the edge surface 17 
for determining the left gage, the first peak generated by the right sensor head 14 would 
correspond to the edge surface for determining the right gage. 

[0054] Likewise, in the illustrated embodiment, the processor 50 also monitors the 
vertical output signals from the array of the EM field sensors 22 to determine the left 
height, i.e. the distance between the left sensor head 12 and the left rail 16. This is 
attained by the processor 50 which determines the magnitude of the valley in the vertical 
EM field output signal 40 which is correlated to an actual left height distance. 
[0055] As previously noted, the right sensor head 14 would operate in a substantially 
similar manner as the left sensor head 12 discussed in detail above. Thus, the output 
signals from the right sensor head 14 are analyzed by the processor 50 in a similar 
manner to the output signals from the left sensor head 12. In particular, by measuring 
the lateral and vertical EM field output signals from the right sensor head 14, the right 
gage and right height distance as shown in Figure 1 can be readily determined. 
[0056] Thus, as explained above, the dimensions and position of the left sensor head 
12, the right sensor head 14, and the EM field sensors housed therein, are all known 
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parameters. Once the position of the edge surfaces of the left rail 16 and the right rail 18 
are determined, the left gage and the right gage as shown in Figure 1 can be readily 
determined. In addition, as previously described, the left sensor head 12 and the right 
sensor head 14 are mounted to a fixture 1 1 so that distance "L" between the left sensor 
head 12 and the right sensor head 14. is also known. Therefore, by adding distance L 
together with the left gage and the right gage, the total gage between the left rail 16 and 
the right rail 18 can be determined using the electromagnetic gage sensing system 10 of 
the illustrated embodiment. Moreover, because the electromagnetic gage sensing system 
10 of the present embodiment also monitors the left height and the right height show in 
Figure 1, any discrepancy between the height position of the rails can also be 
determined. 

[0057] A significant advantage of the electromagnetic gage sensing system 10 in 
accordance with the present invention is that unlike other gage sensing systems, changes 
in composition of fail material, ambient temperature, AC voltage applied to the 
generating coils, and other common factors do not significantly affect the accuracy of the 
electromagnetic gage sensing system 10. This accuracy is attained by the fact that 
processor 50 looks for a location of a peak lateral EM field component in the lateral EM 
field output signal 40, and not its absolute value; Of course, the above-mentioned 
factors may affect accuracy of the height measurement since the height dimensions are 
derived by determining the absolute value of the valley in the vertical EM field 
component of the vertical EM field output signal. , 

[0058] Preferably, in order to make measurements less sensitive to cracks and other 
small deviations in the surfaces of left rail 16, the left sensor head 12 are adapted to 
generate and sense EM fields with relatively low frequency, for instance, between 1 KHz 
and 9 KHz. This low frequency EM field generated by the generating coils 20 creates 
eddy currents with relatively deep penetration into the metal surface of the left rail 16. 
Therefore, surface cracks have less detriment to providing accurate measurements. 
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[0059] In addition, the processor 50 in accordance with one embodiment may be 
further adapted to average the EM field measurements over a predetermined length of 
travel along the left rail 16, for instance, 1 foot along the left rail 16. This averaging of 
the EM field measurements over a length of travel along the left track 16 further 
decreases the influence of small, local field deviations caused by cracks and other small 
imperfections in the surfaces of left rail 16. The right sensor head 14 may, of course, be 
operated in a substantially similar manner at relatively low frequencies to decrease 
influence of small, local field deviations in the surfaces of the right rail 1 8. 
[0060] In accordance, with one embodiment, the processor 50 of the EM gage 
sensing system 10 may be implemented as a neural network based processor which is. 
adapted to receive the lateral and vertical EM field output signals from the array of EM 
field sensors of the left sensor head 12 and/or the right sensor head 14, and to calculate 
gage and height distance above the rail in the manner previous described. Of course, the 
processor 50 may be implemented in any appropriate manner and neural network based 
processor is merely one example. However, the neural network based processor 
implementation of the processor 50 provides certain advantages over conventional 
processors. In particular, if . implemented as a neural network based processor, the 
processor 50 can be trained to provide enhanced accuracy. Training of the processor 50 
may be accomplished using several different rail types and the training data set made to 
cover the entire expected range of rail positions relative to the array of EM field sensors 
of the left and/or right sensor heads so that the training data set is representative of real 
life operating scenarios of the EM gage sensing system 10. This allows the processor 50 
to learn the relationship between the EM field output from the array of field sensors, and 
the actual physical parameters corresponding thereto, such as the actual gage and height 
distance above the rail. 

[0061] Figure 5 shows a flow diagram 100 illustrating a method for measuring gage 
distance between rails of a railroad track in accordance with another aspect of the present 
invention. As shown, the method of the illustrated embodiment includes step 102 in 
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which an array of electromagnetic (EM) field generating coils are positioned over a rail 
of the railroad track to generate EM fields over the rail. In step 104, an array of EM 
field sensors are positioned substantially between the array of EM field generating coils 
and the rail. The. generated EM fields are sensed in step 106, and a lateral EM field 
output signal is provided in step 108, the lateral EM field output signal being indicative 
of the position of an edge surface of the rail 

[0062] The method for measuring gage distance shown in the flow diagram 100 also 
includes step 1 10 in which the position of an edge surface of the rail is determined based 
on at least one peak of the lateral EM field output signal provided in step 108. In this 
regard, the method is further provided with step 1 12 in which the position of an EM field 
sensor in the array of EM field sensors that outputs the peak is determined. Of course, 
the position of an edge surface of the adjacent rail of the railroad track may be 
determined in a similar manner as described above so that together with the distance 
between the array of EM sensors, the total gage distance of the railroad track can be 
determined. 

[0063] Optionally, the above described method shown in flow diagram 100 may 
further include the step of providing a vertical EM field output signal indicative of 
height distance of the rail so that the height distance of the rail may be determined based 
on a valley of the vertical EM field output signal. The method may also optionally 
include the step of averaging the lateral EM field output signal and/or the vertical EM 
field output signal over a predetermined length of travel along the rail: Furthermore, if a 
neural network based processor is used in practicing the described method, an optional 
step of training the processor may also be provided, for example, using a training data 
set made to cover the entire expected range of rail positions in the manner previously 
described with several different rail types. 

[0064] Thus, as described above, the electromagnetic gage sensing system in 
accordance with the present invention includes sensor heads having an array of EM field 
generating coils and an array EM field sensors that may be used to accurately detect the 
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location of the rail edge surface thereby providing a reliable gage sensor that does not 
have the disadvantages of optical based gage measurement systems. In addition, the 
electromagnetic gage sensing system of the present embodiment also does not require 
moving or wearable parts so that limitations and disadvantages of such moving or 
wearable parts can be avoided. The use of eddy currents allows the electromagnetic 
gage sensing system to accurately detect edge surface and calculate gate of the rail tracks 
under any weather conditions as well as allowing determination of the vertical height of 
the rails as previously described. . . ' • 

[0065] The processor of the electromagnetic gage sensing system processes (for 
example, parallel processes) output signals from the arrays of EM field sensors and 
analyzes distribution of the EM field across the rail surface to determine the gage 
distance, rather than the absolute sensor reading. Thus, as compared to the sensing 
systems of the prior art, the measurements are less sensitive to rail steel chemical 
composition, ambient temperature, generating voltage, and other factors. Moreover, by 
averaging the signals over a predetermined length of the railroad track, the effects of 
cracks and other small deviations in rail surfaces may be minimized. 
[0066] In addition, it should also be evident in view of the above that a novel 
method of measuring gage distance between rails of a railroad track is provided. It 
should further be evident that the method of the present invention avoids the limitations 
and disadvantages of prior. art methods for measuring gage distance between rails of a 
railroad track. 

[0067] While various embodiments in accordance with the present invention have 
been shown and described, it is understood that the invention is not limited thereto. The 
present invention may be changed, modified and further applied by those skilled in the 
art. Therefore, this invention is not limited to the detail shown and described previously, 
but also includes all such changes and modifications. 
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